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About Army Engineer R&D Center
7 Laboratories

Coastal and Hydraulics Laboratory (CHL)
Cold Regions Research and Engineering Laboratory (CRREL)

Construction Engineering Research Laboratory (CERL)
Environmental Laboratory (EL)

Geospatial Research Laboratory (GRL
Geotechnical and Structures Laboratory (GSL)

Information Technology Laboratory (ITL)

Annual Research Program Exceeding 
$1.3 Billion

People
2100 Strong

61% E&S
71% of E&S with 

Advanced Degrees
29% of E&S with PhD

Core Competencies
• Blast and Weapons Effects on Structures and 
Geo-Materials

• 3-D Mapping and Characterization
• Cold Regions Science and Engineering
• Civil and Military Engineering
• Computational Prototyping of Military Platforms
• Coastal, River, and Environmental Engineering
• Military Installations and Infrastructure

Partners
All DoD Services 

Army, Navy, Air Force, NASA, DHS, FEMA, DIA, NGA
Academia

68 EPAs with top engineering schools
Industry

172 CRADAs
International

14 international agreements with 7 countries

Risk and Decision
Science Team

Boston, MA



FEMA/ASPR Reg. 1 Data Analytics Section
• The Section is co-led by the Federal 

Emergency Management Agency (FEMA) and 
the Assistant Secretary for Preparedness and 
Response (ASPR), and includes personnel 
from the United States Army Corps of 
Engineers (UASCE)

• The FEMA/ASPR Region 1 Data Analytics 
Section was established to support the 
Regional Response Coordination Center 
(RRCC) COVID-19 response efforts

• The Section provides modeling and analysis 
to support and inform decisionmakers on the  
distribution of resources, fatality management, 
the Reopening of America efforts, and second 
wave scenarios

COVID Cases



Productivity Paradox: Euro Area total factor productivity
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Post-COVID Productivity indicators for the state of Maine
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Consumer Spending:
Back to “normal”

40% of small businesses are closed
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Team: USACE/FEMA/HHS – science of resilience, framing the problem, 
application to COVID in FEMA Region 1 and worldwide.

Complex Systems and Resilience: efficiency vs. resilience

Science of Resilience: Historical perspectives (Venice), resilience quantification 
using metrics-based (Resilience Matrix) and model-based (Network Science) 
approaches.

Application Example – Financial Implication of Lack of Resilience

Conclusion: Resilience based approaches and economic analyses need to be 
integrated to assure both efficiency and resilience in operation of complex 
systems that communities rely on

Outline



Economic Systems are Global



vaccine production Dependent on many components and connections that may 
be failing
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Are these likely 
points of failure and 
if so, how will 
vaccine manufacture 
persevere to meet 
vaccination targets?

Quality 
biological 

agents

Bioreactors, 
microcarriers, 
serums, etc.

Quality 
chemical 
agents



How to Enhance supply chain productivity and efficiency and be resilient?

https://www.hda.org/~/media/pdfs/publications/hda-role-of-distributors-in-the-us-health-care-industry.ashx
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Vision for system modeling
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Moving Towards Resilience

We are here

Trump, B., et al (2020). Biosecurity Demands Resilience. 
Environmental Science & Technology, 54, 4706−4708



Measuring Resilience in Different Systems

After 

After Linkov and Kott, 2019



Resilience Matrix

Physical 

Information

Cognitive

Social

PREPARE ABSORB RECOVER ADAPT

System Domains
Disruptive Event Stages

Scale

Home      Neighborhood          Town            County           Region       State      Country

After Linkov et al. (2013)



Assessment using Decision Maker Values

Use developed resilience metrics to 
comparatively assess the costs and 

benefits of different courses of action 15

After Fox-Lent et al. (2015)



RESILINC – example of metric-based approach
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Network-based Resilience Theory?

System’s critical functionality (K)

Network topology: nodes (𝓝𝓝) and links (𝓛𝓛)

Network adaptive algorithms (𝓒𝓒) defining how 
nodes’ (links’) properties and parameters change 
with time

A set of possible damages stakeholders want the 
network to be resilient against (𝑬𝑬)

𝑅𝑅 = 𝑓𝑓 𝓝𝓝,𝓛𝓛,𝓒𝓒,𝑬𝑬
17

After Ganin et al., 2016



Poor Efficiency:

System cannot not accommodate a 
large volume of commuters driving at 

the same time.

Traffic congestions are predictable and 
are typically of moderate level.

Lack of Resilience:

System cannot recover from adverse 
events 

(car accidents, natural disasters)

Traffic disruptions are not predictable 
and of variable scale.



Resilience 
Model

DelaysRandom 
Network 

Disruptions Delays

Scenario 1
“Baseline”

Scenario 2

Interested in:
1. Temporal Patterns of Disruptions
2. Compare Multiple Cities



Transportation Network Model: 

1) Build networks comprise of road links and 
intersection nodes

2) Assign travelers and routes
3) Calculate free flow travel times and actual travel 

times
4) Calculate normal delay
5) Calibrate model to data
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Transportation 
Networks in 40 Cities 
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Temporal Pattern of Recovery) 
(5% disruption)



Resilience vs Efficiency at 5% disruption

Efficiency compared to mean, hours
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After Ganin et al., 2017
After Ganin et al., 2017

2017



Impact of Cyber Attack on Transportation Network

2019
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Increase in Transportation Costs
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Impact on GDP

Baseline Case (in color)

Explicit Resilience Modeling (Bars)



Resilience in Big Cities

After Kurth et al., 2020
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Resilience in “Rich” Cities

After Kurth et al., 2020
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Current 
System

Efficiency
• the ability to move quickly when the 

network is functioning as designed 
• cost effectively improved by 

increasing capacity on existing and 
highly utilized right of ways

Resilience
• the ability to limit delays from 

network component failures
• best improved by provide 

alternative route capacity when 
failure does occur

Managing Resilience is Different than 
Efficiency

Design to 
Maximize 
Efficiency

Design to 
Maximize 
Resilience



Resilience and Epidemic Spread
The resilience is defined as a competition process between commuters and 
disease spreading in a metapopulation system. Three Behavioral Disease models

1. Local Information

2. Global Information

3. Local, belief-based spread of the fear 
of the disease

After Massaro et al., 2018



Resilience

Risk

Resilience

Free Travel
No Travel Free Travel No Travel

Resilience, Risk and Travel Restrictions

From Massaro, Linkov et al (2018)



• There will be future public health challenges 
related to secondary waves

• Modeling and analytical tools should continue 
to be developed 

Supporting FEMA Region 1: 
Translate State-specific COVID-19 and socio-political realities into 
an actionable plan consistent with federal guidelines.





ERDC SEIR Model
34

 Adapted SEIR approach - Splits 
Infected population into “reported” 
and “unreported

 Dynamics statistically combined 
with observations and SME 
knowledge

 Parameters updated daily with 
new data

 Model parameters change with 
varying social distancing 
restrictions 

 Prediction uncertainty from 
unconstrained parameters is 
characterized

Alternative 1

Alternative 2

Second Wave



FEMA R1-Tool: 
Translating Model into Institutional Requirements

ERDC-SEIR



Moving Forward



Civilizational Ups and Downs: Thinking in Systems and 
Resilience



Why 
Resilience?
Diminishing 
Returns of 
Risk-Based 
Approaches
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